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mmM i ] 

2 >XJ±2 TIB (A) ~ (F) ©MM^DNA^^S?* 

(S) - 2 -^^y-;v££j&£«^h£#|gLt1--£ (S) 
;i/Xti (S) - 2 -^Jr^y-;K7)M^-i*o 

(A) KfE^TS Jmm^-t^9 ^/-^5C&=z- KtiDNAo 

(B ) @£^J#^- 1 KfSltO 7 * y mm\ K£V>T, 1 £>*IMlO T 5 J m^X^ tttia 

(O mm^r i ^tam^T ^ y mwm 1 5 0 %m±c^iiwji±£;£-i-& 7 ^ssB?ij*t 

- KtiDNAo 

(D) iE?!!#-S§-2 ^|3ttO^*@E^J^*i-^DNAo 

(e) se^ij#-^2 ^iB»oms@B^^j3v>-c, l^^sti^fiim, um^tzitm 
m 2 tix^ %> m.mm « u # ^ & 317c l T^^^tt 7 ^ n - ;i/ & * 
7j£*-f & * w-^sc^n- v-tzi&mm&^-f&DNAo 

( f ) M£»-s§- 2 ^iamom^s£^j £ £ ti -e ^ffittse^j afr/yx^Kj; *#t^^ 

[if ^ 2 ] 

2 ? J 2 >I<Z, 7°lsy ? ( Brettanomvces ) 

( Candida ) m, fH? ( Dekkera ) Wf7 ( Hortaea ) ^f-x 
>^f7 ( Issatchenkia ) n^fnY^f-fe^ ( Lodderomyces ) I, ■%jf$x-T ( Ogatae 
a) m, ( Pichia ) I, uVYfry ( Rhodotorula ) Mfrh %2>W X V) MUfi 

zmmtd, WM£m&mmRv*/xi±mmwL*i / Emzit, cs) -2-^>* s~-&xi± 

(S) -2-^ty-;^«§tSu^#f tt^ (S) -2-^>^y-;vXii 
(S) - 2 -^^^y-;K7)^^fe 0 
[W** 3 ] 

m^L^K ^l/^yv^^X-yj^^VV^ ( Brettanomvces bruxel lensis ) , 
^ r-V ^ • V > K 9 T ( Candida cyl indracea ) ^ ^r^>f^-7rv-^ (C 
and i da famata) ^ * >7V ? • ^ ;V-te-f ( Candida krusei ) . ^^^fV^- vjVF 

— "9- ( Candida maltosa ) :3 ftV'f^ i /'?7'/ , >nv'^ ( Candida parapsi losis ) ^ 
3rV>y*jy- V n tf # V .x ( Candida tropical is ) . ^ -V ? • -f 9 J -f ( 
Candida zeylanoides ) „ ■fy-iry • TS^flsX ( Dekkera anomalus ) > ^>r7 • ^ x 
;v^ydf ( Hortaea werneckii ) ^ A ^F^j- >*cT • 7, ? ■f- y — 9 ( Issatchenkia scut 
ulata) , n y f^u^A -tr^, • yVTs^yX ( Lodderomyces elongisporus ) Jrif? 
j^T • *F V — 7 7 ( Ogataea polymorpha ) -> t? ^ 7 • ^ v -b --f ( Pichia besseyi ) ^ tf 
^7 • f7^7 ( Pichia cactophila) > tf # 7 • -fe rf tf^c > v^, ( Pichia segobien 
sis ) ^ tf^r7 • ^^^Vf'f f-Ji ( Pichia spartinae ) , tf^f-7- M/An7-f 7 ( Pichi 
a trehalophila ) RV, nph^9- 5^-^ ( Rhodotorula minuta ) ^k&&^J:!9il 
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[#«£] Wffl* 

IHMc^tl (S) -2-^*y-;vjUi (s) -2-A^t^-;v©$ftJS 
[0 0 0 1 ] 

« witis^/xa^ ^ftffi $ -ft, nig, lit ^p^riM^i Ltii± 

^m%1b^mx-&%> (s) -2-^>*y-;iozj± (S) - 2 -^^^y-;v^Mati-^» 

[fftf] 
[0 0 0 2]' 

(S) ;-)VHb%>^\± (S) - 2 -;v£^^M^1-£2r& 

[0 0 0 3 ] 

>Xf±2-^*-9-y ± (#^#^«2) 

[#^«t 1 1 #H¥ 1 1 - 2 4 0 8 9 4 ^-<Zr$| 
[#f^» 2 ] #0B¥ 1 1 - 2 1 5 9 9 5 

[#^#lt»l] J. Am. Chem. Soc. , Vol.123, p. 5956-5961. 2001 
[#MtW:fcfi£ 2 ] Tetrahedron: Asymmetry, vol.14, p. 2659-2681, 2003 

mm tfmfcLx^ t-rz mm] 

[0 0 0 4] 

«fc *) 3tm®&&<D^ (S) -2-s<>* S-JU$>2>\,*te (S) -2-^^*9- y 

[MS Sr mtitt & fz &b (D^m 
[0 0 0 5] 

*%m%bt±, ±mmn*m®:-f&*:tbK, (s) -2-^>^y-^*av>i± (s) 

- 2 -^^^y-^o^ig^^o^T^^WLTt^, 2 

&V>fi2 — >*M7tLT (S) -2-^>^y-^**v^± (S) -2-^-9" 
J-**9LWrt-%WL£Eto<n?s* V-~>r*ftotztZ?>, 7I/^;y^^ (Bretta 
nomyces) *r is ■f <f jT ( Candida ) Tv^y ( Dekkera ) JS, *;Vf7 ( Hortaea 

) I, 4-V-^jL>*rT (Issatchenkia) X, Dyfav/f-b^ (Lodderomyces) Jg, jj-jtr 
^7 (Ogataea) «, fcf*7 (Pichia) JR, nKhiVy ( Rhodotorula ) JR*e>ft 

&^J: $mrft*«£**fflv>*£ tizx i) y 2 -^>^y>^^"wi2^^t y 
*KfcLT (S) - 2 -^^y-^&awi (S) $&sps 

•x^T ( Issatchenkia ) IMiJ: H ?. / >V a 2 -^-b- / yfrjjtjcLT ( 

S ) - 2 ( S ) - 2 * BE*, SB^B^fca 

-K-f*DNAS-#«LT^-<?D3ftafeiB^|*#*fL^o §?>i:, tDNA^S^tfciS 
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2 -^>y y >*svMi2 -Mt;>i;ft«$«i^:J: (9. ^v^^^o^ 
>K-eiiftfe (S) - 2 y -;v&&v^± (s) - 2 -^Jr-9-y-;u£#&£h^-e 

[0 0 0 6 ] 

(1) 2 -^>y y >X(± 2 -^*^y TIE (A) - (F) O^ti^CDDNA*- 

^iHtifiEiftt, iiMi«[f/xi^t$^in, (s) -2-^ 

>-yy-;vXii (S) - 2 -✓sdf^y -;v££)&£-e-;g> c: t *W$kt-f2> (s) - 2 
>yy-;v3Ui (S) - 2 -s\**ry -^oMMIj&o 

(a) @e?w§-i Kfg«<D7 5ymi5^^i-;g>*>v-?y®£n- ki-&dna 0 

( b ) mzm^ 1 Kmww r % j mtm k^x, i&t> a« <dt^ ; 

(O sb^ij#-^ 1 Kf2tt<DT3 y Bfcffi^ilfc 5 0 %jy.±c7)ffii^tt^^ri-^ r ^ y bme?o*# 

- Kt^DNAo 

(d) mm^2 ^ffi«om*iB^j^^ri-^.DNAo 

(e) ie^ij#-^2 ^sB«om»iB^ij^i5v^. i^?>iii©Mm, #*nt/c{±s 
( F ) mm^ 2 KmMom&mn tfzit^r <DWfaWM * h y v ^yy ^^fTf^ 

(2) 2 -s<y? y yXl$2 yfc^ y*V y y J v 4 ^7 ( Brettanomvces ) 
^r^yT-<V ( Candida ) 7*y>ry (Dekkera) JR^ •fcft'TT ( Hortaea ) I N 4 

Jf^-^y^rT ( Issatchenkia ) I> n yrU-?4 -teX ( Lodderomyces ) m, Jrift^T ( 

Ogataea) M> (Pichia) RV\ uVh^y ( Rhodotorula ) M,~fr b 2>W & V 

IlfJi^», tWSlItlltF/Ilittt^^Jt, (S) -2-^y?J- 

)VJL\± (s) - 2 -^**rj i t tf^ (s) - 2 -^y y y - 

(S) - 2 - A^ty-;v^fJ|^ 0 
( 3 ) (ft^W^ y"]y y 7 y ^r-f -fe* • y';vy -fe V > vy. ( Brettanomvces bruxe liens 
is) . ^t^f^ ^ • y'J > K9^7 ( Candida cyl indracea ) , *r V > 7* J P - 7 r 

- 7 ( Candida famata ) , * V y 7* J 7~ - y;Hr-f ( Candida krusei ) , * v y V • 
•^juy—^- ( Candida maltosa ) , ^ft/'f^'/^T'v'ny^ ( Candida parapsilosi 
l) > ^ V yT4 r • h n tf * 1; ^ ( Candida tropical is ) N ^ y T-i ¥ • M -i 9 y W 
7*^ ( Candida zeylanoides ) ^ 7*y*ry • TJ-^^T^ ( Dekkera anomalus ) . *;Pf7 

• >7 y ( Hortaea werneckii ) ^ 4 ^"f- x.y - 7^? ^ 3-7 — $r ( Issatchenki 

a scutulata ) , n y -tx • j^u y VTs^y 7, ( Lodderomyces elongisporus ) , 

t^T^xT • ^ij^^ 77 (Ogataea polymorpha ) , tf^rT-^y-fe-Y ( Pichia besseyi 
) N tf^rT • J] y h "7 9 ( Pichia cactophila ) ^ ti ^ T • -b a*tTa. y 7 ( Pichia se 
gob i ens is ) ^ \±^T • 7/^)V"r ^ ( Pichia spartinae ) ^ tf^fT • M/^n7-f 7 

( Pichia trehalophila ) XE*. n K h ;V 9 • 5 ^ - y ( Rhodotorula mi nut a) 

vmufr%ffii$Lmx&2>zt*wwLt-fz> (2) ^iem^M5t7ji*o 

[0 0 0 7] 

*&m<o-%&K ± *) , mm, &mm<D*r$®.m,m-t Lxmm±mm%ib&mx&z> (s 

) - 2 -^<>y y-;v^>^vMi (S) - 2 -^-y-y -;v^i«7c:^M^^o^Jlx^-e#^ 

•ttJfE#2 005-3033447 
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[0 0 0 8] 

^3£m<V (S) - 2-^>* S ~)UXi± (S) - 2 -^s^r-y-y -;K7)$idt^&«, BB5?!I 
[0 0 0 9] 

;i/^^;vi^^**fi LT^f U $ b izN AD P H^lffi: LT^ff-SI 

Mfcmfo, i&%tfcmmm®, * ?t ? * tn a d p H^isat^i^t 

£ £ i: «£ 19 MJgi"* ^ t &X § & o 
[0 0 10] 

F-tz>1M.mm&mbfrK%:-otz<DX\ &M-f2> i d £ * ;v # - )vm.7tmm co r 

^ j m$&\\(o— mxiii&u* => - v-t2>mmm*%K'LxftmL?z7°u~7^m^x^ 

% ^^-^MTummm^^-t^iiM^m^^biJ ^^^^MTtmm^ 3 - v-tz D N 

^ fz N ;£f§BJ3 £ 2> \z $> tz o X ?£ $ fitz X v K , # ;vM7n»?£14 £ 1" * 

l/';^;7>f^ ( Brettanomyces ) JR. •¥ >"r -f ^ ( Candida ) JR. Ty try (Dekker 
a) M> *)VTT ( Hortaea ) JR. 4 tf x>^7 ( Issatchenkia ) JR. n >7 fnv^f -tr^. 

( Lodderomvces ) I, *i?9^T ( Ogataea ) JR N tf^T ( Pichia ) JR^ 3ZJi. oFfJV 
7 ( Rhodotorula ) JRfcJR ffSL<!Htfx>^7 ( Issatchenkia ) /lH 

[0011] 

^ftfx>^7 ( Issatchenkia ) MWMt Ltl^ ffllxJf. >f y*T • X ? f-a. 

9 — 9 9 ■f- -3- 7 — ^ ( Issatchankia scutulata var. scutulata ) J C M 1 8 2 

8^mte*§&m<D%)v>F-)vmKW^<vMtkffiKmtix^& 0 m^m^m 

»^**ttfii#ifil5t (Japan Collection of Microorganism (J CM) ) =fc U^ffiT 
[0012] 

ttm^&Z-t iPX § . $1 x. J*. J3lT©^fe^ # 4 o ±mW!k% £ Y MJ#ifc# 

<omn <o^m Km ^b ti %> — & & * *&«nMMi- & £ t k mm s * k 0 jr l . 

DTT (dithiothreitol) ^<7>}17g£'J^. 7 :c — ;i/ * V /I/ * — /I' 7 >l/ * 'J F (phenyl 
methansulfonyl fluoride ; P M S F) (Om^^^TT -^m.^M^Mk.tzmmWL^X^L 

o 

[0 0 13] 

Wil^ DEAE Sep h arose Fast Flow (Amersham Bioscience 
sttM) 4rfflv»fcR8?>f *>^S3fc^nv h^*57^, Butyl Sepharose 
4 Fast Flow (Amersham Biosciences?!^ £rffl V^7ti^7j<:14ffiS'f y pffl ^ n v 
^*57-f-, MonoQ (Amersham Biosciencestt^) SrfflV^fcMf^f tf- n v 
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h ^9 "7 -f Superdex 200 (Amersham Biosciences?!®*) ^1^/;^ 

o 

[0 0 14] 

ico J; 9 KJB$S£*L7fc>f "t-f-i J'df-T • ^^fi7-^It^^f^5-^ ( Issatcha 
nkia scutulata var. scutulata ) J CM 1 8 2 8 $cfr£ffi5fc-f"& # frtf —frMltWM ( 
ftT^ **** n sADHU tmtt^^o ) tt, Kfy;v«ith'J-)A- 
*°'J7^'JJV7 5 F^;V«^r;1cK) (J£lT\ SDS-PAGE t*K&) «£ -6 t jft 4 0 , 0 
0 0 D a <D^"?3-=. y Y 1 Ufr <b & ^ ttz, Superdex200 HR10/30 
(Amersham BiosciencesttM) &JBv»fc^/u«3tfc&££ frfc^H 1 *^ 15)4 0, 0 0 
0 D a T&So 
[0 0 151 

ij v ;V ^ > K ^ -7°f - ^ - V 8 7U7-7~V%:£Z>m ! Xfc£ UlHJBfU sffiffi* 

r 5 y mSB^ij & $M?f 1- ^ 1 1 k z v mm CO T 5 y miB^J 4: & £ i i & o 
[0 0 16] 

rfeeLfcT^ yglBB^ISrTn^p c R ffl <z> 7* 7 -f ^ - £ tfctf- U *^#-^«7n*3lfM 
H4i|tt©M#DNA L < 14, cDNA7^77'J-^iIi:U T 5 J WM$\\ if* h 
WOfr Lfc P C R^5^-7-^TP C R*^f -5 £ tic J; ij «©DN AO— 

«^W*OJft-fe#DNAOlBIIS*3Pf?||<b'»«r7r--y, 7°7X5 F^t'CiAL, TcM^ 
%MM&W!:LX%btitz7 4 ~fy 'J c D N A 7 -f 7*7 V -fcfOffl LT, rrn^-/W 
7*V v a >\ 7"7 - 7 ^-f 7*V ^^fHf-v 3 J: 19 „ # ;i^-;i/M7G^it 

[0017] 

P C RK «£ !9#^tL^DNAif>T-O^SSB^J£t?*f U #f>^fcBB^!l^<b, g££n 
©DNAO^flt:#fi$-t| 1 ytfe(7)PCR7'7'f-7-^lItL, *^^-;V7t7C»^^ 
Mft^cDNA^ffl^TRACE (Rapid amplification of cDNA ends) ft (Mo 
lecular Cloning 3rd Ed. > Cold Spring Harbor Laboratory Press. J£1T\ Mole 
cular Cloning) J: 9*»WODN A=H#& £ % nTfi-e^^o 
[0 0 18] 

iOi^at>ftfx>^7'7^fi5-^^^fa5-^ ( Issatchankia sc 
utulata var. scutulata ) J CM 1 8 2 8ft©M#DN A#^i|i^£tLfc#;i/JK~;i' 
mmmi s ADH l S-a- Kt^DNA^i^WJlt E^#*2 fc^f 

o 

^^*;v^-;vMtg0* I sADHUn- WDNAIi, J^±o J: d ^ftCio 
[0 0 19] 

I 8ADHl*3-Kt*DNAO**o^ili, 
[0 0 2 0] 

f7t, IsADHl^n^fcli, @B^!I#-^1 C**tL*T5 smWMt'J?* < fc 6 
5 0%m±. ffil<tt7 0%Jtl±, J: L< {±8 0 %J2Lt * 
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^£^£±13* w^®©*^n^-$^&4, Mx.i4, B*DNA7'-^/t>^ (DNA 
Databank of JAPAN (DDBJ) ) F A S T A^B L A S T & }?(D7°u 

AZm^Xftd £ fc**T?S&o @B^lJ#-^l CietOT 5 ymiB^iJ^^v^TDDB J fcfcN&L 
tBLAST p r o g r am^V^^^n^-tf ^ofcgf , 
(^tft^HiSv^^ny-^L/^lt ty*n-7^f-b7. • -fel/lfyx ( Saccharo 
mvces cerevisiae ) fi^©1M7ic£n<^ >^°^f Y d r541cp protein ( 
15^iJ#-t3 : Accession No. AAB64983) »K 4 2 %c^@|W|'|4£^ L£o 
[0 0 2 1 ] 

tfc^ IsADHlta-KtiDNAIi, _h|B I a ADH1 - KtiDNAifc 

A-e&& 0 

±fB*W<c*jt*a*- Kt*DNAk Ltit $I;U4\ K^J#-^2 tLS^ggffi^J 
<7>ri*W fcfLSo 

I sADHlta-KtiDNAO^n^fcli, # ;v#-;i^M7Ci£fifffitt£#£ & 
v>$£Hi*i&wi3V>T@B?!)#-^ l fcfE*W)7 5 y HE?!U= 1 lit L < littRflOT? 

o *#»twtt6 0«^T> jf*L< tt3 OfflJBJIT, 4 L < i4 1 

[0 0 2 2] 

mM%-?&tll£, E2RI##2 »C|3«©DNA»w«|Sf£iRF*fi&a£llSAft (Nucleic Acids 
Res., vol.10, pp.6487 (1982) , Methods inEnzymol., vol.100, pp.448 (1983) , Mol 
ecular Cloning, PCR - A Practical Approach, IRL Press, pp.200 (1991) ) 

vtstflft, mxw/*tz\±tftmm*mx-fz> c 1 k 4 «? i s adhi*3 

-FtJDNAO^nnilSii: ITtl-C* & □ 
[0 0 2 3 ] 

I s ADH 1 ©75 ymiB^lJt tz\$Jt<D— IsADHl*3- WDN 

A£tzli^<D—U*7UK, ffi k. (4"DNA Databank of JAPAN (DDBJ) 

Klft*e>OPC R^4 i9^DNA»f^=S:#^AtLS £. fc^H^**,, 
[0 0 2 4] 

Sfcfc, I s ADH 1 Ff^DNA^^^n^li, I s AD H 1 £ 3 - K1"& D 

NAi fcli f[5^-7°n--7^ Ltffl^t, I s ADH lffitt^f^ttM» 
?>iSL/tDNACT L, nn^-^wyij ^M-tf-vs 7*7-^^^/^^ -If 

>&*#T'C^'f t/'J ^-f-tr-v'a >£flv>, A/f^'J ^Xt^DNA^itCJ: 
ot^ftlSo *»!fl©^WRSr3-Kt*DNAO l~— «|5J tf4, 7°n-:/t 
LTJBv>a<&fc+#fcft$<ODNA<&£fc-c*»K *#Wf:iil5bpa±, ffrt L<J4 
5 0bpiy.±, J: UffS t< tt 1 0 0 b p^O^f^So 

y; ^"-f -V—i/ 3> f4. Molecular Clonin g#KfBtt£ ft.TV> 

[0 0 2 5] 

*M«H#tC*V*T \7s h 0 >yx^ KilftTT^^'J ^XfSDNAJ fc i4> D 
NA^n-ytUffflU ^f'jyyx>Fi^#T, anx-A^^J^-b-y 
a 7 , 7-^^'f7* , J ^ ^— -> 3 i/Mitf>7*a y WW y V -t?~ 

<fe#£:LT{4, Mx.i4, nn^-;W yj ^ -tr- v a 4 ^7-7^^ 

-tf—> 3 >fe^^3V^T{4, 3n--*&^ti-/9-^fi*ODNASfettKEDNAOl|fM- 

*mfc<£Ltz7<{ ;V*~£JlV*-C, 0. 7-1. OMO^fc-j" h U yA#tT6 5 *CT^ 

ffiSE# 2005-3033447 
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w -^y ^-tf--> a vsr^fofc^, o. i~2xsscit (lxsscoaia, 15 

- £ & *mf & i § * o 

[0 0 2 6] 

* * - tc^RTtl & i k j; 13 , ij ;v sj?- * * - ^Jtffi $ *l* 

»rfe#D NAP* ^#-^*5c«3R *3-Kt4DNA *3&ffi^rffita*&tr ihCio 
[0 0 2 7] 

5 K ^ 9-*?~7 r-v^ :$:§§0Ji<75D NASSAU «H£ tLit&BL*** 9 

fc, X Q1frZL<te9 3 ' -mTffifrZjx?tiffl.fr&tr&m&$>&a 
2>Z.b i>m b fix v^7 0 n€-^-S^-^ ^~9~ Tr& tu£# KR5fe S £ *l £> 

fiixif r^%^»if ^ 8 itfs^x^ • , iwciiLtit Adv 

. Biochem. Eng. 4 3, 75-102 (1990), Yeast 8, 42 
3-488 (1992) & Jf(:#iJ:I2^$ *LTV>& 0 
[0 0 2 8] 

£JLT j^f «t d to * - 3&»T? # & o 
[0 0 2 9] 

X'>i'J t7 (Escher i chi a) I, (B a c i 1 1 u s ) JSL v j. 

- K^E^^ (Pseudomonas) I, ir5f 7 (Serrat ia) J3^ 7>HV^ 
^r'J^A (Brevibacteri u m) 3 V r'J?A (Coryneb 
ac t e r i um) I> 7 H/^f^y W (Streptococcus) Jpl x 9 ^ h 

(Lactobacillus) JRfc if fcJR ^ -^<0?|3t $ tLTV> 

[0 0 3 0] 

BKa?*^ (Rhodococcus) *, ^H^'/bv-f^ (Streptom 
y c e s) JR&4ftJRt-*ia^^^-*Ofltfil$tL"CV*StfejBilWo 
[0 0 3 1 ] 

iJ-yfcnvf-te;*. (Saccharomyces) I, ^^^n^n^ (Kluy 
veromyces) m > v' Vi?" ';*ov>f-t^ (Schizosaccharomyc 
e s ) I> f- 3*-^ yAnv'fW (Zygosaccharomyces) H> tO'f 
T (Y a r r o w i a) Ms h V xxtfu y (Tr i cho s p o r on) 1, BW 
'Jy?A (Ehodospor i di um) I, ^y^£% y (Hansenula)^ 
tf^-T (Pichia)I, ^^r>f^ ^ (Candida) fc*KJS51-& <om±^9 
9 -&<Dmu.ZtiX\<*2>W®o 
[0 0 3 2] 

y nx*°7 (Neurospora) I> T^^;V^;V^. (Aspergi 1 lus 
) I, ■fe77n^* I 'j7A (Cephalosporium)^. h V nfjK (T r i 
choderma) JR& if KUR^&©1S±^^ ^ -*0?tfi:$ tLTV>* * tf 0 
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[0 0 3 3] 

±p»^«atffa<|i, xvxnr (Escherichia) « 
> (B a c i 1 1 u s) ^tf^f V *A (B r e v i b a c t e r i u 

m ) (C o r y n e b a c t e r i urn) JRt?* <K L 

< « N ^vx'J tT (Escherichia)!, 3'J *M*^y (C o r v n e 
bacterium) m~£%>& 0 
[0 0 3 4] 

*"rS nfTf * ( *** M ° 1 6 ° U 1 a r C 1 ° n 1 
L 0 (J 6 5 J 

[0 0 3 6 ] 

, ;S* V .^ T *\ *7 '^(Escherichia coli)Kfi 

T V 7 ^' W ^ iLT ^ pBR ^ PUC^^X^W^, lac 
{p— to 7 9 , trp (f'J7'F77^D» N t a c, t r c (la 

c t r p« , i 7r"-yP L> P R 4 if *t 5 7 n ^ - ^ - ^ t, ^ 

[0 0 3 7] 

Af^ip^ttt, ^^-tLtii, pUB110*^U\ pCl94| 

" loo 3 "^ w ^*fe?^^ n ^ - ^ - ^^-u-^-^ f^fii t i §o 

5/a.- K-=E-?-*«K35V>TJi, ^^^HTtt, • y^^r ( P s e u 

domonas putida), ^-^-^ . ^, >r ( P s e u d omo n a s 

^CSW77^K, TOL7"7^^K^CLM±^^- (RSF1 
0 1 0&^cS*-r*e#fl&tt»^sara|fe^*^tr) pKT 2 4 0 (Gene 2 6 
, 2 7 3 - 8 2 ( 1 9 8 3)) W^fc^iS 0 
[0 0 3 9] 

•/VtV^T-V #C7Hf^f'j7A •5n77^>M (B r e v i 

bacterium lactofermentum) ^^^-tLt(± 
PAJ43 (Gene 39, 281 (1985)) %£<D7°?X* K^^-£wi 

7n^-^si>7-H-^ - WJffl plfg-e^ a 0 
[0 0 4 0] 

fAI, (flinn^f^A . jTA,?*** (C o r y n e b a c 
JLjl r 1 um g 1 u t am i c urn) \z$3\,*xtt, LT(£, p C S 1 1 (ft 

■i5 7- 1 8 3 7 9 9t&«) , p C B 1 0 1 (M o 1 . G e n . G e n e t 196 
,1 7 5 ( 1 9 8 4) ) ttZoy??* < 9~^mf hti& 0 

[0 0 4 1 ] 

Jfy Jju^j^x (Saccharomyces) »Kt?#D^f^ • -fe V t£ 
VJC (Saccharomyces cerevisiae) frC&^TJi, ^ ^ - £: L 
T f^I*£5 > YEt*, YCp^ YI p*:/?*5 K«W6*i4. Sfc, 7*3 
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[0 0 4 2] 

-> y-^- y ^nv^f-b^ (Schi zosaccharomyces) Jl^^v^Tti % ^ 
y Ltli, Mo 1. Cell. Biol. 6, 80 (198 6) HfBfOyyty 

* nv ^^' a. #^ p AUR 

[0 0 4 3 ] 

T*s<)l/3f)VX (Aspergi 1 1 u s) MKis^Xit, 7 • -If- ( 

Aspergillus niger), 7 Jl/X • (Aspergi 1 

lus oryzae) & if*** If O^Tit £ «£ < ®F5£$ tlX& V) , /7^U ,J ?M# 

^-^-^flJMpJf^l:^^ (T r e n d s in Biotechnology 7 2 
83-287 (1 98 9) ) 0 
[0 0 4 4] 

> WKItfflV^Mft ifOtt** (Nature 315, 592-594 (1985 
[0 0 4 5] 

(S) - 2 -;V&£WA (S) -2-Aifty-;v^gj|t^> w?t 
[0 0 4 6] 

t tz^mit, mmtti fc&m<Q7$ smmut 5 0 %&,±.mm^^^- &y 5 y 

1- ^ Wa Z> * JJ * ^ - Fi" £ m^SS^J ^tnDNA^^^- *=«J5»L3^>^ 

e#^tL£ffi^x.#DNA^^i-£^K^^ Xlt, iDNA^M#DNACt* 

*^5K-^*Sr^«5c$*, (S) -2-^>*y-/P2fc;&v>tt (S) -2-^-9-y 
[0 0 4 7] 

i£#fPJ{±, 7>7^Y^f^ (Brettanomyces) JR. *tVf^ ( Candida ) jg 
* (Dekkera) *^r7 ( Hortaea ) Jg, J fr-f-^ >^7 ( Issatchenkia ) US, 

% Py/nv/f^ _(Lodderomvces) *irirx.T (Ogataea) m, ^*7 ( Pichia ) 

XHs nKf;V7 (Rhodotorula) *KJR-^*(9^W, ff^£<Krt&2Ett43 J: Xf/£ tz 
lttgmWi%, -RJK3feJTT»** 2 ^**vm42 y&^Ji£«£ tic 

*(K »<fc^»o*^*r-^3gS:^«5c$^ (S) - 2 -^>*y -;v&;g> v^i (s 

2-^y *;y fctfMB 3** ztK±t), ( s ) - 2 y * y -juimm-t 

, 7Vv ?J v-Mr* (Brettanomyces) I, 3t^>t>V^ ( Candida ) JS. *;Vf7 (Ho 
rtaea) ny^n^** ( Lodderomvces ) JR N Xfi, fcf*7 ( Pichia ) 
^»«L(iV^^ 7>y^Y^^. W^K/y^ ( Brettanomyces br 
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uxe , llen !^ s ) > *t^^-^^B^ (Candida parapsilosis ) , 
' / (jandjda tropjcalis) , ^r/f^.€0^f^ (Candida zevl 

anoides ) , *)VtT • * i/l/* y * ( Hortaea werneckii ) , n^nv^f^ • 

( Lodderomvces ejongisporus ) , tf*T • •fetftfJOV* (Pichia segpbien 
SisJ , li^T-^^7--f^ ( Pichia spartinae ) ^#i:^fL<ffiV^^ JU^to 

7f7^7>f^. 7 >^^^ ( Brettanomvces ) IFO 0629, f 
v-r-fc* • ( Brettanomvr.es ) IFO 0797, ^■V>'T ? -f ¥ ■ ^yy^yu^ 

X (^nJi^ parabiosis ) CBS 604, ? . h n y * (Candida tropical i 

-J^ i° 6 ; * "7^ f '^^ 9 ' 4 r * ( Candida ^vianpides)-cis~^ 0 ^TT^ 
T^'t^^^ (Candida zeylanoides ) TCM 1fi?7. ^f7-^x;V^y^ m 
ortaea B^ejMi) IFO 4875, n.fn^^.xn^^ ( lodderomvces .In 
Misp^rMs) IFO 1676, ^7- *r/lf.x>v* (Pichia segobiensis ) TCM 107/m ^ 
7- ^^;Vr^tx (Pichia spartinae ) JCM 10741 L < M^h tl& 0 

[0 0 4 8] 

J Z ' tt (Q Tjr M) r M> (Dekkera) ^^>* T (Issatchenkia 

\*; ^,7" ( L °dderomyces) t^x 7 (Ogataea) J|, fcf*T (Pichi 

aj «, X«, n (Rhodotorula) Itlt^feWfff K^V^a, 

TJ* . 7r v-* (Candida famata) , *^yT4V- y'J>K7t7 ( Candida cyli 
ndracea) , * v >y*<t V • * JUr ^ ( Candida krusei ) , ^t^rV f • v;H-t(C 
ancUdg maltose) , ^rt>f^.^7^f^ (Candida zeylanoides) , 
" i 7\ (Del^ ajipmalus) > 4 "fr** T ■ X ? ^ ? - 9 ( Issatchenkia R 
* ] ; -"I*" 0 ^** -x.***;**?* (Ufe^myces elpijgh^s) , *~ 

ttZ' tl^ y7 polymprpha) , **T-«y*4 (Pichia bessevi ) 

i- M (Pichia cactophila) , t> T • XX* > i^i^ialigo 

bierisis) , fc*r • h Wnu^ 9 ( Pichia trehalophi la ) RV\ n KJ^wT^T- 
* (Rhodotorula minuta) ^CjftKii^^ JWfrttfcli, ^^f^. 777 

^ A^F^,?^ ) ^ Y ^ ^ * * (Candida cylindra 

cea) ATCC 14830, **>y.f *r. ( Candida krusei ) IFO 1664, **>^*r 

u'fJT*! ( ^dida krusei) JCM 2284, ^>f^-^v^ (Candida krusei) JC 
2341, ✓r-T * • t/I/ h ( Candida maltosa ) IFO 1977, 

^TFn^7 (£ f^ Z ! y l an0ides ) CBS 6408 ^ * ( Dekkera anomalu 

n ^ M2 ^****'*^ (Issatchenkia scutulata) JCM I^IsT" 

" (Lodder omyces elongisporus ) IFO 1676, 

r '* y *" 77 (Ogataea polymorpha ) IFO 1024, ti/^xy . ^ij^ 77 ( 0eat 
ay polymorph* ) IFO 1071, fc^r-^*** (Pichia bessevi ) JCM 1706, tf*7^~ 
(lichia cactophila) JCM 1830, fcf*T • -fe=flfi>*/^ ( Pic hia segobie 
Mis JCMU740, m.M/^? (Pichia trehalophi la ) JCmI^'EFT^" 
h ^7 • ^ * - ^ (Rhodotorula minuta ) IFO 0879tW* L<m^hti& 0 
I 0 0 4 9 J 

[0 0 5 0] 

°rf?2Sf * V '5^ 2 ^**v»t±2 ^7577^^;^ 

a if? **L *=ifi»»(EjMMBttX tt » ;v **5BSte + * * ft 

Mx.ii, giMT^rf^ y^f;^;^^yp (DMSO) , h^>^<om 
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&mi$, IIMT-0. 1-5 0%w/vg« > UiL<l±l~2 0%w/vi^^ 
[0 0 5 1 ] 

tfc, *fi«S^S(:^V^« N WiNADPHKttNADPHWDt^ 
O»fL<,If0. OOlmM-lOOmM, jfiKliO. 0 1~10mM»t 

o 

±.w>ffimm*mm-t2>m&itzte^ nadph^mi-^nadp^nadph-m? 
AppH©w&fc«fflnr«*** *»s*rtK:«jnf**tt, 3) f^sti^ 

Mltt^CS^f), NADPHCD^^flJMpTf^^*T^4±IH#^^o»f5 
[0 0 5 2 ] 

Sfc, ±122) 0*ftt^v>rt±, ±lBW£**3Bfc^tr«&», ««^»W#:*T-fe 

iztt&Lx, mmmnxm^o. oi~ioo^ »ji<iio. 5-2 o^^taa 

,fftL<iil~5f^iiiinin o 
[0 0 5 3 ] 

±123) O^FttK^v»Tt±, */HK-^»5c***3- Ki-SDNAfc±|Bff^ 
1" 4 M v £ ^-e # ^ fr\ M D N A * ti-P *LjglJ<f@ ^ 9 * - K $ A L / - f& iz % 

- * z&mmm izm^z mm z * fi^^m^ \z mm* z xm* 9 * h - * * ^ n > <d 

[0054] ° 
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*5M§©«itff8tt, KJ£«J[WW^7>f^ ( Brettanomvces ) JR. 
^ t>r ^/ ( Candida ) I, r*^? ( Dekkera ) «L *;i^T ( Hortaea ) JR, -f^f- 
^y*T (Issatchenkia) n^fnv^^ ( Lodderomvces ) I, *jf?^r (Ogat 
SSJ^J 1 * 7 " ^ nKh;v^ (Rhodotorula) JRO * JUtf-frMTtm 

[0 0 5 5] 

[flWJ] 
[0 0 5 6] 

■[0057] 

(l) 2-^>^y>^e (s) -2-^>*y-;i,&£wi2--^-9-y >^t, (s) 

^~*t^* X (D i f c olil) 5g/L, ^y^h^ (H*»IHtt*) 5g 
/L, (D i f c ottM) 3 g/L, ( B ^cfcnn^nlttM) 2 

0g/L«^^$«2. 5mLl:, 3fc 1 Lfc#tOf«*«ilL 30 

(PH 7. 0) *0. 0 4mL,HM2 
8 0mLiP;ttt#*+#fc«»3-frfc<Dt,fc, ^3-xi0 0g/L^0 0 5mL 
NADP 1 2 g/L*0. 0 2mL, ^yyn;V-;Vi;i o 0 g/Lt^j;^:^ 
U;2-^>^y>^^VMJ2-A^ty>l:0. 0 lmLiDx.3 0°CT-2 OUmRJ&S 

[0 0 5 8] 

KmmTik<vKj&mz%m^)i<mmu (s) -2-^>-^y-;v^^^(± (s) - 
go *fflv»T8a£Lfc 0 Gco*ftiijaTfiDao-e**o 

[0 0 5 9] 

A5A:^-DEX120 (SUPELCOm 30mX0. 25mmID, 0 
2 5 /j. m film) 

^2' ;r:H e 1. 5ml / m in, split 1/50 

%7Afcm: (S) -2-^>^y-;^o5tftB#(i5 0°C, ( S ) - 2 -/u 
<Qfe*9&l± 6 5 r 

SAfiS : 2 5 0 *c 

tittH I F I D 2 5 0 °C 
GC : ftiGC-1 4 A 
[0 0 6 0] 

(S) -2-^>^y-^oS*tt**3ElC (S) -2-^-9-y-^©3e*»* 
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£Sc2 Izmir o 
[0 0 6 1 ] 

imi) 



WW 




(g/L) 


^mmm 

(% e.e.) 




Brettanomyces bruxellensis 


IFO0629 


1.07 


100 


a 


Brettanomvces bruxellensis 


IFO0797 


1.18 


100 


s 


Candida oaransilosis 


CBS 604 


1.70 


100 


s 


Candida troDicalis 


IFO 0006 


1.17 


100 


s 


Candida zevlanoides 


CBS 6408 


1.36 


100 


s 


Candida zevlanoides 


JCM1627 


1.45 


100 


s 


Hortaea werneckii 


WO 4875 


1.34 


100 


s 


Lodderomvces eloneisDorus 


B?0 1676 


1.25 


100 


s 


Pichia seerobiensis 


JCM10740 


1.16 


100 


s 


Pichia spartinae 


JCM10741 


1.48 


100 


s 



[0 0 6 2] 
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2 ^ffy >^b(jS)- 2 — *H-S 







(g/L) 


(%e.e.) 


®£ 


Candida cvJindracea 


ATCC 14830 


1.15 


90.2 


s 


Candida famata 


NRRLY-245 


1.20 


93.0 


s 


Candida krusei 


IFO 1664 


1.10 


100 


s 


Candida krusei 


JCM2284 


0.68 


100 


s 


Candida krusei 


JCM2341 


0.88 


100 


s 


Candida maltosa 


IFO 1977 


1.48 


100 


s 


Candida zevlanoides 


CBS 6408 


1.51 


100 


s 


Dekkera anomalus 


IFO 0627 


1.23 


100 


s 


Issatchenkia scutulata var.scutulata 


JCM 1828 


1.07 


91.8 


s 


JLAJ UUcl LU11 V UtJo clUIlKloLKjrUS 


ltU 1676 


1.58 


100 


s 


Oeataea polvmorpha 


IFO 1024 


1.16 


100 


s 


Oeataea Dolvmorpha 


IFO 1071 


0.94 


100 


s 


Pichiabessevi 


JCM1706 


0.97 


84.5 


s 


Pichia cactoDhila 


JCM1830 


1.30 


93.9 


s 


Pichia segobiensis 


JCM10740 


1.48 


100 


s 


Pichia trehalophila 


JCM3651 


1.16 


100 


s 


Rhodotorula minuta 


IFO 0879 


0.92 


100 


s 



[0 0 6 3] 

(2) JW*>*T- *9*f-=L>5-*W&*9*J-3-°7~-* J CM 1 8 2 8«cfi*5&^4? 

^tfx^r^^ a9 -^^ a ^^ ( Issatchankia scutulata var 
• scutulata) J CM 1 8 2 8 2 L <Di£M {?)V a 8 0 g „ Bft^*X (D i 

f c ott«) 2 o g, mMmmm) 4 0 g/u t^hu m^mizx^m 
fczmmLtzo ^htttiMMit 1 5 0 g * 1 0 mM'j v&mwM (p h 7) 0 

. ImM DTT (£lTCfl^^}; »1"£) U ^-fy-^l/K 

D L (y>v;vx>^^y7^^n) ^ J; 0 M^?f| J: Ij * L 

> *S«tttBm^#7to ^itt»ffi|(:9 0 g/LOHH^^ PEG6 0 0 0 

*mmL4v-?immBm&, m^mKx i9«^i^*l^ 0 ;o±ii^ deae 

Sepharose Fast Flow (Amersham Biosciences?!®) &fflv*£Rlr 
^>^nY^77^- Butyl Sepharose 4 Fast Fl 
,0 w (Amersham Biosciences^) V^fc Steffi S^ffl ^7^77^, M o 
noQ (Amersham Biosciences^^) V^/tpt-f ^- u ^ h ^9 -7 ^ ^ 

Superdex 200 (Amersham BiosciencesttM) ^^^tzVJU^M^ nv h ? 

[0 0 6 4] 

mm<Dm, * ^^-^mytmm^mmt, mmmz&trKj&m doomM Tr i s 

-HC 1 pH7. 5. 0. 32mM NADPH, 2 mM l-7-t^y-3-^n 
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>) (7) 3 4 0 nm©TO(7)^^ 3 7 TCT^- * -"T & £ t iz X ^ N 
ADPHOMS*£#m-*-*£i:fcJ: iJiffljgLfco SteCi±S PECTRAma x 1 9 
0 (Molecular Device s fiii) ^jgMLfCo P^, ±I3^)£K:£!^T 1 
WC 1 nmo 1 ©NADPHtiftSitt^ lUt L7t D 

[0 0 6 5] 
[*3] 



3 





mm. m 


mm 


tarn m 


mm urn 






(u) 


(mg) 


(U/mg) 




(%) 




1360 


16800 


0. 0810 


i 


100.0 


PEG6000 ±JS 


693 


4680 


0.148 


1.83 


51.0 


DEAE Sepharose FF 


857 


266.0 


3.22 


39.8 


63.0 


Butyl Sepharose 4 FF 


488 


10.6 


46.0 


569 


35.9 


MonoQ 


. 592 


3. 11 


190 


2351 


43.5 


Superdex200 


348 


1.038 


335 


4141 


25.6 



[0 0 6 6] 

±iBMte®#& & V 7 ? V ;v T 3 j!Cai6 (SDS-PAGE) «£ L 

#S*^ Ht3T#— ^> KT* 19 „ -e-O^iti^ 4 0, 0 0 0 Da?*oft 0 £1T> 
Sr I s ADH 1 fcBf^o 

[0 0 6 7] 
( 3 ) I s A D H 1 <75^Jf##|tt 

M*%%fr^-Mk&^K<i^xm^U*^trKJBffi. (1 OOmM Tr i s-HCl 
pH7. 5, 0. 3 2mM NADPH, 2 mM fcfSU&U 3 4 0 nm«tt 

fco W56t »4 SPECTRAmax 190 (Molecular Devices #£4 
) Sr-ffiflJLfco 1 -7-te h dpv- 3 nn- 2 -^n;V fcfiHt* 1 0 0 t L 

[0 0 6 8] 
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UR4] 

*4 



trace ; 9 



1 -7t h^ri/- 3 n P - 2 -/o/ V y 100 

4 —if n a - 3 — ^yggg^x.gvv 2 12 

2 5. 5 

^Tir^/V - 

2, 3-^<>?i?^ trace 

fcVVtT'^^/V trace 

3 -y- 2 — ^yggS&n'fyl' trace 

Tirh^^yv - 

7"Pt't7i/y trace 

y^y^-yTi? h>- - 

3-^ t°^-^vt° y 11.2 

2, 2, 2- hy^V^-PTir h^aiy^ 5 3. 8 

-7z^-;vd?vy£i^ 12. 2 

^O-y^/Vf^^/V trace 

^^y^/i^m.^^ 2 0. 7 

p — t; Kcj 3f y^yXT^fc K — 

p-^op^yXT/Urt K 5 8. 0 

2- y^/W-/> - 

3- ^yy^yy trace 



[0 0 6 9 ] 

(4) I sADH107^WJO»f 

itufS (2) "trtf^^/i^^^"^^^*^^^®^^!^^ xK"7>feta 
* tz . It m L tz U )V 7j? ^ ;v3l7cS« Sr , V v ;v j. y K ^ 7°^ ^ - -If £ M v> tz mi\& ( 9 

y^yjcui&y- y • t\ m±tt) c ± i jb l t ^ 7°f k ^iffi h p l c (rv-> 

U ^-^M //RPC C2/C18 PC3. 2/3) £Jfi/^ ^7 

f- K^^IL, ML^:o Kt°-y ll*x Fv>feHJ; i) T< ;m.W.m 

10 0 7 0] 

(5) IsADHlta-W D N AWie^^S^IKI#^#|l 
-f-^^-jcy^T • TsZ^x,*? — $ jx5-^ ( Issatchankia scutulata var. 

scutulata ) J CM 1 8 2 8«frfB (2) K7FLtzi£M~?mmL, ffifoZMMVtZo 

IW^^VADNA^DNeasy tissue kit (Qi agenttl) 
?rfflv^-citB> mUL?z 0 #f.tL7t>rVADNA^7Ci:, M^P*S u p e r S c r i 
pt II Reverse Transcriptase ('f >tf >Dyx >^±M) % 

[0 0 7 1 ] 

ffriB (4) x*nbtitzffl&m-%4<DN3ii%T$. ymBB^xK-feyy^v^* w h ( 
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degenerate) 7°7 4 ^-RVrnm^ 5 ©WW 7 < S VkWffl*Jt\Z T >f-fr > 
^(^/yx^l/O (degenerate) 7° 9 W v- £ff 2 tt^^^; Lfc 0 -Zrtl-Zrtl 
0**E3HI4riB2?lI#-^6, 7l:^Lt 0 ;©2f0^7^ v-^ffiv^, >f if f- jc > ^ T 
• Ts^^f-a.? — 9WA.^9 s f-s. =7 — 9 ( Issatchankia scutulata var. scutulata ) JC 
Ml 8 2 8#OcDNAfc**LT7»5>ji* W }• (degenerate) PCR^ffc 
fciti, »3 5 0 bp ©*tt»f>T-**tt* ib *ifc 0 
[0 0 7 2 ] 

-TODNAIffJt^ TJfu-^y)vm.%®<m*1ti^, 1513 5 0 b p OBf^O^^ 
<9 fcB LM i n E 1 u t e Gel Extraction Kit (Q i a g e nfil) 
tTffllLTHlKLfco ft^DNAIffr^, pGEM-Teasy Vector ( 
P r o m e g a ttSSQ &~ 7 >f V~ v 3 > L, «IDH 5 a * (jj€#t&ttM) *J&Mm& 
LTto 15lfte$M*£> T>tr>'V> (lOO^g/mL) fc£-tr L B*5c^"e^W$^r 
, v<o*03n--Sriv>T > T77°7^fv- (Promegattfi) tSP6^94 
"7- (Promegalil) «rMv^ a n — - 94 U9 h P C R S-ff jf AUfit^^-f 
^*»BLfc. SWtnDNAifr*»ffA*iiTV»5ifiL6*L4 3n--t, 100 
^ g/mLr V^i/i; V*ttfLBM^tU Q I AP r e p Spin Mini 

Prep k i t (Qi age nttSS) J: 0 7°7X5 H£fiMKL;fco 

[0 0 7 3 ] 

^tfx^r^^a5-^«7^fi5-^ ( Issatchankia scutulata 
var. scutulata ) J CM1 8 2 8*(?)^V ADNA^tcC, Molecular cl 
on i n gBtOjfttffioT RAC ERXSfflO c DNAMU RIS:ittSHR<0^r^-C 
5 ' - iRtf 3 ' - R A C E RJS * fr o o £J& J* tt ±SBffi3feIB?!l * 7C £ f£ff L tz 9 

[0 0 7 4] 

RACE RJS «t SJittitfc^WtfOE^^OiR*, 3fc*^/5j?-/l/*5c»*<?5«5g c 
D N A Mfi^iJ * @B^iJ#-^- 1 1 fc, ^ D N A ri* 3 - K1" £ T S y miB^iJ I5?!l#-§- 1 £ L fc 

[0 0 7 5] 

•^-£#5 OpmoK dNTP#1 0 0 0 nmoK -7,9^-^^-9 

J^7fa7-^ ( Issatchankia scutulata var. scutulata ) J CM1 8 2 8ftOc 
DNA 2 5 0 ng,ExTaq DNAp o 1 yme r a s el 1 OXlft (^7 
>H *ttR) 10/iL, ExTaq DNA polymerase 5 V (9 ij 

?sU*ttm) Sr-g-trl 0 0 // LO,RfSifc*tfV>, fgft (9 5°C, 1 N T=-~)V (5 
8 °C, 1 ft) , #S (7 2t, 1t3-) *3 0t^)K PTC-200 (MJ Rese 
arc httft) *iv>"Cfrofc, PCRRJSfKo— «|J*T5!rn-^^«jR;atjj,jcj: 0» 

[0 0 7 6] 

±HRJSiS$:M inElute PCR Purification kit (Q i a 
g e ntfcSO CT»*Lfc, *»LfcDNA»fM-*W(R**E coRUXbal "Cfl=Hfc 
U 7#'n~*^m^Ml£fi 1 V^ gfi^jt i-^>^^>- K©*»#*$J & ffi U Qiagen 

Gel Extraction ki t (Qiage n#$0 i:J: (JttliffeEIJRLfco 
W&tLfcDNABfJtfcs E c o R I, RVX b a I T'ML^pUC 1 1 8 t L i g a t 
ion high (JiC^sMttSiD *m V^T, 9 W v a > U TviliB JM109t^ 

3^St<e*#*T^tr > (50/ig/mL) Sr-g-tf L B*^i&±T^W$^. an 
--^^ h PCRSrffvs ffAWf^O-9">f X*«tBU3to 

•ffi8E#2 005-3033447 
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^—-j : 17/ 



DNAWfJt##A£*LT^£ tmz.btl&Mnm&fc* 5 0/. g/mL©7 
>t°y'J >^^tfLBW'J#iU QIAPrepSp i n Mini Prep k 
it (Q i age n1±^) ^fflv^T"7°9^5 K£ft§£U pUCI sADHl b L?z Q 

[0 0 7 7] 

(6) I s ADH 1 ^n - Ft^DNAC iot^flElLMItfflV^; (S) -2 

HUlS (5) -Clf^^fcf^Kte^^T^e v V > (50// g/mL) £^-frC i r c 1 
e G r o w^ML 1 0 0 m L (BIO lOlttl) £ 1 0 3 0 °CT? 3 0 BflTO* L 

St Lt (s) - 2 -^>^y-;K7)^^^f o?to 

[0 0 7 8] 

±|Sm#10g^0. 6g/L NADP* (*V^y?)lsMm±M) 2 0mg, 1M 
F'J^SiA>;7 7- (pH7. 0) 1 OmL, lOOg/L 4 0mL, 

?)v=i-x-rt}?uri-~-jf (^mmmnm, 76unit/m g ) 2o mg , 2-^ 

y ? ; y (M^itmnu, - - h ) 1 g 3 0 8 b#W£Od $ *jfeo a£B#o p 

H £ 2 M bVf AT7. 0 fc«o fc Q ^TtOEJiSt^SPgSixf L, 

ML/C (s) - 2 -^>^y-;K7)^fi^tTofc 0 
[0 0 7 9] 

*5A:^-DEX120 (SUPELCOttI, 30mX0. 25mmID, 0. 
2 5/im film) 
#t'J7 : He 1. 5ml/min, split 1/50 

: 5 0 G 
IkAUm : 2 5 0 °C 

: F I D 2 5 0 °C 
GC : ftfGC- 1 4 A 
[0 0 8 0] 

iOjg^ (S) - 2 -^>^y-;VOlRft{i0. 9 9 gtl, i9, t£^M«> 9 9 % 
e. e. "eabcT^o 
[0 0 8 1 ] 

(7) I s ADH 1 - Kf^ DNAi: ioTfStelt^il^v^: (S) -2 

t LT (S) - 2 -^dr-^y-^O^J&^To/Co 
[0 0 8 2 ] 

±ffiH# 1 0 g K 0 . 6g/L NAD P + V x-y * frWmtm 2 0mg, 1M 
h V TsMM^v y r- (pH7. 0) 1 OmL, lOOg/L fT)Va~x 4 0mL, 
^>3-^ft Fnyt-^f (^MttM, 76uni t/mg) 20mg, 2-^ 

tkfcLfz (S) - 2 -^^r^-y -^O^fi^^ff 07^0 
[0 0 8 3 ] 

£IliSI|if ^It^^f^ ^ 07 f ^7 7 ^- (GC) £Jf v>TiM3&Lfco GC^ 

#77A:/?-DEX120 (SUPELCOttI, 3 0mX0. 2 5 mm ID, 0. 
2 5 jum film) 
^t'J7 : He 1. 5ml /m in, split 1/50 

ffifiE# 2005-3033447 
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: 18/E 



* ?^um : 6 5°C 
fexum I 2 5 0 °C 

titm : F I D 2 5 0 °C 
GC I ft$GC- 1 4 A 
[0 0 8 4] 

t©«f*, (S) -2-^*"9V-;i/©JK*l±0. 9 9 g 3fe^#tfl£l±>9 9% 

e. e. "C&otZo 



ffiSE#2 005-3033447 



#112 0 0 4 - 0 2 7 8 1 5 ^-v : 1/ 

SEQUENCE LISTING 
<110> API Corporation 

<120> The method for manufacturing (S)-2-pentanol or (S)-2-hexanol 
<130> J11357 
<160> 13 

<170> Pat ent In version 3. 1 

<210> 1 
<211> 345 
<212> PRT 

<213> Issatchenkia scutulata 
<400> 1 

Met Ser Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala 
15 10 15 

Leu His He He Asp Asn Leu Leu Ser Lys Gly Tyr Ser Val He Glv 

20 25 30 

Thr Ala Arg Ser Gin Ser Lys Tyr Gin Pro He Leu Asp Ala Phe Lys 

35 40 45 

Lys Lys Tyr Pro Asp Ala Asn Leu Thr Phe Glu Val Val Pro Asp He 

50 55 60 

Ser Thr Glu Asn Ala Phe Asp Asp Val Leu Lys Lys His Pro Glu He 
65 70 75 80 

Thr Ala Val Leu His Thr Ala Ser Pro Phe Ser Phe Gly Leu Asn Lys 

85 90 95 

Asp Leu Lys Glu Ala Tyr Leu Lys Pro Ala Val Asp Gly Thr Leu Asn 

100 105 HO 

He Leu Lys Ala He Glu Lys Tyr Ala Pro Gin Val Thr Lys Val Val 

115 120 125 

He Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro Ser His Val 

130 135 140 

His Thr Ser Glu Thr Trp Asn Pro He Asn Trp Glu Asn Asp Val Lys 
145 150 155 160 

Asn Glu Tyr Phe Ala Tyr He Ala Ser Lys Thr Tyr Ala Glu Lys Ala 

165 170 175 

Ala Arg Asp Phe Val Lys Glu His Lys Val Asn Phe Lys Leu Ala Thr 

180 185 190 

Val Asn Pro Pro Tyr Val Leu Gly Pro Gin Leu Phe Asp Phe Ser Val 

195 200 205 

Gly Pro Val Leu Asn Thr Ser Asn Gin Leu He Thr Asp Ala Thr Lys 

210 215 220 

He Asp Lys Asn Ser Thr Lys Pro Glu Leu Gly Thr Pro Ala Leu Ala 
225 230 235 240 

Val Asp Val Arg Asp Val Ala Ala Phe His Val Leu Pro Leu Glu Asp 

245 250 255 

Asp Lys Val Ala Ser Glu Arg Leu Phe He Val Ala Gly Pro Ala Val 

260 265 270 

Val Gin Thr Phe Leu Asn He He Asn Glu Asn He Pro Glu Leu Lys 

275 280 285 

Gly Lys Val Ala Leu Gly Asp Pro Ala Ser Glu Lys Glu Leu He Glu 

ffifiE#2 005-3033447 



#11 2004-027815 ^- v : 2/ 

290 295 300 

Lys His Thr Asp Lys Tyr Asp Leu Thr Asn Leu His Asn Val He Gly 
305 310 315 320 

Lys Tyr Asp Phe He Pro Val Glu Lys Ser Val Val Asp Val Leu Glu 

325 330 335 

Gin Tyr Tyr Lys He Asn Lys He Asp 
340 345 

<210> 2 
<211> 1038 
<212> DNA 

<213> Issatchenkia scutulata 
<400> 2 

atgtcgaaca aaacagttct agtcaccggg gctaccggtt ttattgcact acacatcatt 60 
gataatttat tgtctaaggg ttattccgtt attggtacag ctagatccca atctaaatat 120 
caaccaatcc ttgatgcttt caagaaaaaa taccctgatg caaatttgac ttttgaagtt 180 
gtccctgaca tctccactga aaacgcattc gatgatgttt tgaagaagca tccagaaatt 240 
actgctgtcc ttcacacagc atctccattc tcttttggtt tgaacaagga tctgaaggaa 300 
gcatatttga agcctgccgt tgatggtact ttgaatattc tcaaggcaat tgagaagtat 360 
gcaccacagg ttactaaagt tgttatcaca tcttcttatg ctgcaattat gacaggtaat 420 
ccaagtcatg tccacaccag tgaaacctgg aacccaatta attgggaaaa cgatgtgaag 480 
aatgaatact ttgcatatat tgcctccaag acgtatgctg aaaaagctgc gagagatttt 540 
gtcaaggagc ataaggtcaa tttcaagtta gcaactgtta acccaccata cgttctgggt 600 
ccacaattat ttgacttctc agttggtcca gtcttgaaca cttccaacca attgatcacg 660 
gatgcgacta aaattgataa gaactctact aagccggaat taggtacacc agctttagca 720 
gtcgatgtta gagatgttgc tgcgttccat gttttaccat tggaagatga taaagttgca 780 
agtgaaagat tatttattgt tgctggtcca gcagttgttc aaacattctt aaacatcatc 840 
aacgagaaca ttccagaact taaaggtaag gttgccctag gagatccagc ttcagagaag 900 
gagttgattg aaaagcacac agataagtat gatttgacaa atcttcacaa cgttattggt 960 
aaatatgatt tcattccagt tgaaaagtcc gttgtcgacg tcttagaaca atattacaaa 1020 
atcaataaaa ttgattag 203g 

<210> 3 
<211> 344 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 3 

Met Ser Asn Thr Val Leu Val Ser Gly Ala Ser Gly Phe He Ala Leu 

1 5 10 15 

His He Leu Ser Gin Leu Leu Lys Gin Asp Tyr Lys Val He Gly Thr 

20 25 30 

Val Arg Ser His Glu Lys Glu Ala Lys Leu Leu Arg Gin Phe Gin His 

35 40 45 

Asn Pro Asn Leu Thr Leu Glu He Val Pro Asp He Ser His Pro Asn 

50 55 60 

Ala Phe Asp Lys Val Leu Gin Lys Arg Gly Arg Glu He Arg Tyr Val 
65 70 75 80 

Leu His Thr Ala Ser Pro Phe His Tyr Asp Thr Thr Glu Tyr Glu Lys 

85 90 95 

Asp Leu Leu He Pro Ala Leu Glu Gly Thr Lys Asn He Leu Asn Ser 

ffitBff 2005-3033447 




#il 2 0 0 4 - 0 2 7 8 1 5 : 3/ 

100 105 110 

He Lys Lys Tyr Ala Ala Asp Thr Val Glu Arg Val Val Val Thr Ser 

115 120 125 

Ser Cys Thr Ala He He Thr Leu Ala Lys Met Asp Asp Pro Ser Val 

130 135 140 

Val Phe Thr Glu Glu Ser Trp Asn Glu Ala Thr Trp Glu Ser Cys Gin 
If 150 155 i 6 o 

He Asp Gly He Asn Ala Tyr Phe Ala Ser Lys Lys Phe Ala Glu Lys 

165 170 175 

Ala Ala Trp Glu Phe Thr Lys Glu Asn Glu Asp His He Lys Phe Lys 

180 185 190 

Leu Thr Thr Val Asn Pro Ser Leu Leu Phe Gly Pro Gin Leu Phe Asp 

195 200 205 

Glu Asp Val His Gly His Leu Asn Thr Ser Cys Glu Met He Asn Gly 

210 215 220 

Leu He His Thr Pro Val Asn Ala Ser Val Pro Asp Phe His Ser He 
225 230 235 240 

Phe He Asp Val Arg Asp Val Ala Leu Ala His Leu Tyr Ala Phe Gin 

245 250 255 

Lys Glu Asn Thr Ala Gly Lys Arg Leu Val Val Thr Asn Gly Lys Phe 

260 265 270 

Gly Asn Gin Asp He Leu Asp He Leu Asn Glu Asp Phe Pro Gin Leu 

275 280 285 

Arg Gly Leu He Pro Leu Gly Lys Pro Gly Thr Gly Asp Gin Val He 

290 295 300 

Asp Arg Gly Ser Thr Thr Asp Asn Ser Ala Thr Arg Lys He Leu Gly 
305 310 315 320 

Phe Glu Phe Arg Ser Leu His Glu Ser Val His Asp Thr Ala Ala Gin 

325 330 335 

He Leu Lys Lys Glu Asn Arg Leu 
340 

<210> 4 
<211> 18 
<212> PRT 

<213> Issatchenkia scutulata 
<400> 4 

Arg Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala Leu 

It, 5 10 15 

Asp He 

<210> 5 
<211> 15 
<212> PRT 

<213> Issatchenkia scutulata 
<400> 5 

Val Val He Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro 
15 10 15 

<210> 6 
<211> 23 
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4/ 



<212> 

<213> 

<220> 

<223> 

<220> 

<221> 

<222> 

<223> 

<220> 

<221> 

<222> 

<223> 

<220> 

<221> 

<222> 

<223> 

<220> 

<221> 

<222> 

<223> 

<400> 



DNA 

Artificial 

PCR primer 

misc_feature 
(3) . . (3) 
n," inosine 

misc_feature 
(6).. (6) 
n; inosine 

misc_feature 
(15).. (15) 
n; inosine 

misc_feature 
(18).. (18) 
n; inosine 

6acnggnttya thgcnytnga yat 



23 



<210> 7 
<211> 26 
<212> DNA 
<213> Artificial 
<220> 

<223> PCR primer 
<220> 

<221> misc_feature 
<222> (6) . . (6) 
<223> n; inosine 
<220> 

<221> misc_feature 

<222> (9).. (9)<223> n; inosine 

<220> 

<221> misc_feature 
<222> (18) . . (18) 
<223> n; inosine 
<220><221> misc_feature 
<222> (21).. (21) 
<223> n; inosine 
<400> 7 

ggrttnccng tcatdatngc ngcrta 

<210> 8 

<211> 341 

<212> DNA 

<213> Issatchenkia scutulata 

<400> 8 



26 



ffifE#2 005-3033447 




2 0 0 4 - 0 2 7 8 1 5 



— -J 



cattgataat ttattgtcta agggttattc cgttattggt acagctagat cccaatctaa fin 
atatcaacca atccttgatg ctttcaagaa aaaatacSt gaScaaS ?gaS« tga 120 

at Scl Sector 3 Ctga T^ aUCgatgat gt " tga ^ »S 
aattactget gtccttcaca cagcatctcc attctctttt ggtttgaaca assatctgaa 

ggaagcatat ttgaagcctg ccgttgatgg tactttgaat aftctcaagg cfat gagaa 
gtatgeacca caggttacta aagttgttat cacatcttct t ca attgagaa 



240 
300 
341 



<210> 9 

<211> 28 

<212> DNA 

<213> Artificial 
<220> 

<223> PCR primer 

<400> 9 

agggttattc cgttattggt acagctag 

<210> 10 

<211> 31 

<212> DNA 

<213> Artificial 
<220> 

<223> PCR primer 

<400> 10 

gagaatggag atgctgtgtg aaggacagca g 

<210> 11 
<211> 1212 
<212> DNA 

<213> Issatchenkia scutulata 
<220> 

<221> CDS 

<222> (55).. (1092) 

<223> 

<400> 11 

tcatgacctg tccactgata gcatcatacc aaacatattc agtatattgt aaca atg 

Met 

teg aac aaa aca gtt eta gtc ace ggg get ace ggt ttt att gca eta 
Ser Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala Leu 
5 10 15 

5£ fu ?r f t T r tta " g tCt aag ggt tat tcc *" att ggt aca 
His He lie Asp Asn Leu Leu Ser Lys Gly Tyr Ser Val He Gly Thr 

20 25 30 

get aga tcc caa tct aaa tat caa cca ate ctt gat get ttc aag aaa 

Ala Arg Ser Gin Ser Lys Tyr Gin Pro He Leu fsp Ala Phe Lys Lys 

^ 40 45 

TV 3 rtr f ' T Ug Ut ^ gtt gtC CCt « aC *tc tCC 

Lys Tyr Pro Asp Ala Asn Leu Thr Phe Glu Val Val Pro Asp He Ser 
? 55 60 65 

act gaa aac gca ttc gat gat gtt ttg aag aag cat cca gaa att act 



28 



31 



57 
105 
153 
201 
249 



297 
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6/ 



Thr Glu 


Asn 


Ala 


Phe 


Asp 


Asp 


Val 


Leu 


Lys 


Lys 


His 


Pro 


Glu 


Ile 


Thr 










70 










75 










80 






get gtc 


ctt 


cac 


aca 


gca 


tct 


cca 


ttc 


tct 


ttt 


ggt 


ttg 


aac 


aag 


gat 


345 


Ala Val 


Leu 


His 


Thr 


Ala 


Ser 


Pro 


Phe 


Ser 


Phe 


Gly 


Leu 


Asn 


Lys 


Asp 








85 










90 










95 








ctg aag 


gaa 


gca 


tat 


ttg 


aag 


cct 


gee 


gtt 


gat 


ggt 


act 


ttg 


aat 


att 


393 


Leu Lys 


Glu 


Ala 


Tyr 


Leu 


Lys 


Pro 


Ala 


Val 


Asp 


Gly 


Thr 


Leu 


Asn 


He 






100 










105 










110 










etc aag 


gca 


att 


gag 


aag 


tat 


gca 


cca 


cag 


gtt 


act 


aaa 


gtt 


gtt 


ate 


441 


Leu Lys 


Ala 


He 


Glu 


Lys 


Tyr 


Ala 


Pro 


Gin 


Val 


Thr 


Lys 


Val 


Val 


He 




115 










120 










125 












aca tct 


tct 


tat 


get 


gca 


att 


atg 


aca 


ggt 


aat 


cca 


agt 


cat 


gtc 


cac 


489 


Thr Ser 


Ser 


Tyr 


Ala 


Ala 


He 


Met 


Thr 


Gly 


Asn 


Pro 


Ser 


His 


Val 


His 




130 








135 










140 










145 




ace agt 


gaa 


ace 


tgg 


aac 


cca 


att 


aat 


tgg 


gaa 


aac 


gat 


gtg 


aag 


aat 


537 


Thr Ser 


Glu 


Thr 


Trp 


Asn 


Pro 


He 


Asn 


Trp 


Glu 


Asn 


Asp 


Val 


Lys 


Asn 










150 










155 










160 






gaa tac 


ttt 


gca 


tat 


att 


gee 


tec 


aag 


acg 


tat 


get 


gaa 


aaa 


get 


gcg 


585 


Glu Tyr 


Phe 


Ala 


Tyr 


He 


Ala 


Ser 


Lys 


Thr 


Tyr 


Ala 


Glu 


Lys 


Ala 


Ala 








165 










170 










175 








aga gat 


ttt 


gtc 


aag 


gag 


cat 


aag 


gtc 


aat 


ttc 


aag 


tta 


gca 


act 


gtt 


633 


Arg Asp 


Phe 


Val 


Lys 


Glu 


His 


Lys 


Val 


Asn 


Phe 


Lys 


Leu 


Ala 


Thr 


Val 






180 










185 










190 










aac cca 


cca 


tac 


gtt 


ctg 


ggt 


cca 


caa 


tta 


ttt 


gac 


ttc 


tea 


gtt 


ggt 


681 


Asia Pro 


Pro 


Tyr 


Val 


Leu 


Gly 


Pro 


Gin 


Leu 


Phe 


Asp 


Phe 


Ser 


Val 


Gly 




195 










200 










205 












cca gtc 


ttg 


aac 


act 


tec 


aac 


caa 


ttg 


ate 


acg 


gat 


gcg 


act 


aaa 


att 


729 


Pro Val 


Leu 


Asn 


Thr 


Ser 


Asn 


Gin 


Leu 


He 


Thr 


Asp 


Ala 


Thr 


Lys 


He 




210 








215 










220 










225 




gat aag 


aac 


tct 


act 


aag 


ccg 


gaa 


tta 


ggt 


aca 


cca 


get 


tta 


gca 


gtc 


777 


Asp Lys 


Asn 


Ser 


Thr 


Lys 


Pro 


Glu 


Leu 


Gly 


Thr 


Pro 


Ala 


Leu 


Ala 


Val 










230 










235 










240 






gat gtt 


aga 


gat 


gtt 


get 


gcg 


ttc 


cat 


gtt 


tta 


cca 


ttg 


gaa 


gat 


gat 


825 


Asp Val 


Arg 


Asp 


Val 


Ala 


Ala 


Phe 


His 


Val 


Leu 


Pro 


Leu 


Glu 


Asp 


Asp 








245 










250 










255 








aaa gtt 


gca 


agt 


gaa 


aga 


tta 


ttt 


att 


gtt 


get 


ggt 


cca 


gca 


gtt 


gtt 


873 


Lys Val 


Ala 


Ser 


Glu 


Arg 


Leu 


Phe 


He 


Val 


Ala 


Gly 


Pro 


Ala 


Val 


Val 






260 










265 










270 










caa aca 


ttc 


tta 


aac 


ate 


ate 


aac 


gag 


aac 


att 


cca 


gaa 


ctt 


aaa 


ggt 


921 


Gin Thr 


Phe 


Leu 


Asn 


He 


He 


Asn 


Glu 


Asn 


He 


Pro 


Glu 


Leu 


Lys 


Gly 




275 










280 










285 












aag gtt 


gee 


eta 


gga 


gat 


cca 


get 


tea 


gag 


aag 


gag 


ttg 


att 


gaa 


aag 


969 


Lys Val 


Ala 


Leu 


Gly 


Asp 


Pro 


Ala 


Ser 


Glu 


Lys 


Glu 


Leu 


He 


Glu 


Lys 




290 








295 










300 










305 




cac aca 


gat 


aag 


tat 


gat 


ttg 


aca 


aat 


ctt 


cac 


aac 


gtt 


att 


ggt 


aaa 


1017 


His Thr 


Asp 


Lys 


Tyr 


Asp 


Leu 


Thr 


Asn 


Leu 


His 


Asn 


Val 


He 


Gly 


Lys 










31U 










OIK 

olo 










320 






tat gat 


ttc 


att 


cca 


gtt 


gaa 


aag 


tec 


gtt 


gtc 


gac 


gtc 


tta 


gaa 


caa 


1065 


Tyr Asp 


Phe 


He 


Pro 


Val 


Glu 


Lys 


Ser 


Val 


Val 


Asp 


Val 


Leu 


Glu 


Gin 








325 










330 










335 






























mm 


•#2 0 0 5 - 


3 0 3 3 
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tat tac aaa ate aat aaa att gat tag tttatataga aaattttata 1112 
Tyr Tyr Lys He Asn Lys He Asp 
340 345 
getaaaggee gaatcaactt ctttcttcct cttcaaaaaa aaaaaaaaaa aaaaaaaaaa 1172 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1212 

<210> 12 

<211> 35 

<212> DNA 

<213> Artificial 
<220> 

<223> PCR primer 

<400> 12 

eggaattcat gtcgaacaaa acagttctag tcacc 35 

<210> 13 

<211> 38 

<212> DNA 

<213> Artificial 
<220> 

<223> PCR primer 

<400> 13 

gctctagatt aatcaatttt attgattttg taatattg 38 
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[IBS] EX, *X#0*WM#£: LTjg*±^*^i»-c*« ( S ) -2--? 
Xli, (S) -2 -^^-9-y-;v^^^M^o^We#^i 

2 >Xii2-^*^y ^ >f-9-^i>^ T ( Issatchenkia 
) If f ft*<^)* ;^*-;Hxif t n - Kt^ D N A ^HS^ t^^f M 
WliteVyili^it^^?^ (S) -2-^>^y-;vXfi (S) -2-^ 

Brettanomyces) I, **Vr , >f* r ( Candida ) JR, (Dekkera) JR % *;vfT (H 

ortaea) m, J^r^-^y^T ( Issatchenkia ) M, D?fn7>f^ ( Lodderomvces ) JR 
, ^-^X7 (Ogataea) t>T ( Pichia ) JR % Xti, nKf;Vy ( Rhodotorula ) JH 

cnwmi, mum%mwmRv?/xi±i%mwLZimz^, (s) - 2 -^>^ 

(S) - 2 -^^y -;i,££j&£^,z, 0 



£bfiE# 2005-3033447 



l/E 



12004-027815 



m h a 



[ 3 9 6 0 2 0 4 6 4 ] 



ft £ 



2 0 0 2^1 OH 80 

Jfcp^tt J- - tf - T >f rr - *° V - v a > 



miE#-^ ttifiE#2 0 0 5 - 3 0 3 3 4 4 7 



